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Abstract 
 
Wind erodibility of soils (WE) is a prime factor for the 
prediction, assessment and mapping of wind erosion. Hence, this 
study was undertaken to generate WE data and pertinent 
relationships for the Northern State. Surface soil samples (0-3cm) 
were collected from fifty farms scattered all over the state and 
non-erodible soil particles (NEP) (>0.84mm in diameter), WE 
and various relevant physical and chemical soil properties were 
determined. Regression analysis showed that NEP significantly 
(P<0.001) increased with increases of clay content (r2= 0.402), 
CaCO3 (r2=0.279),Silt (r2=0.317) and Clay/(Silt + Sand) 
(r2=0.407), and decreased with increase in Sand (r2= 0.410), (Silt 
+ Sand)/Clay (r2= 0.440),(Silt + Sand)/(Clay + organic matter) 
(r2=0.388) and (Silt+Sand)/(Clay+ CaCO3) (r2=0.501). The four 
basic soil properties and their ratios gave the reverse effects on 
WE with slightly lower or higher coefficients of determination. 
The (Silt + Sand)/ (Clay + CaCO3) ratio is recommended as an 
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  ﻣﻮﺟﺰ ﺍﻟﺒﺤﺚ
  
ﻟﻬـﺫﺍ . ﺘﻌﺘﺒﺭ ﺘﻌﺭﻴﻴﺔ ﺍﻟﺭﻴﺎﺡ ﻋﺎﻤﻼ ﺭﺌﻴﺴﻴﺎ ﻟﺘﻘﺩﻴﺭ ﻭﺘﻘﻴﻴﻡ ﻭﺘﺨﺭﻴﻁ ﺍﻟﺘﻌﺭﻴـﺔ ﺒﺎﻟﺭﻴـﺎﺡ 
ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻻﺴﺘﻨﺒﺎﻁ ﺒﻴﺎﻨﺎﺕ ﺘﻌﺭﻴﺔ ﺍﻟﺭﻴﺎﺡ ﻭﺍﻟﻌﻼﻗﺎﺕ ﺫﺍﺕ ﺍﻟـﺼﻠﺔ ﻟﺘـﺭﺏ 
ﻤـﻥ ﺨﻤـﺴﻴﻥ ﻤﺯﺭﻋـﺔ  ( ﺴـﻡ 3-0)ﺠﻤﻌﺕ ﻋﻴﻨﺎﺕ ﺘﺭﺏ ﺴﻁﺤﻴﺔ . ﺍﻟﻭﻻﻴﺔ ﺍﻟﺸﻤﺎﻟﻴﺔ 
< ﻗﻁﺭﻫﺎ )ﻡ ﺘﻘﺩﻴﺭ ﺍﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ ﻤﻨﺘﺸﺭﺓ ﻓﻲ ﻤﺨﺘﻠﻑ ﺃﻨﺤﺎﺀ ﺍﻟﻭﻻﻴﺔ، ﻭﺘ 
. ﻭﺘﻌﺭﻴﻴﺔ ﺍﻟﺭﻴﺎﺡ ﻭﺒﻌﺽ ﺨﻭﺍﺹ ﺍﻟﺘﺭﺒﺔ ﺍﻟﻔﻴﺯﻴﺎﺌﻴﺔ ﻭﺍﻟﻜﻴﻤﻴﺎﺌﻴﺔ ﺫﺍﺕ ﺍﻟﻌﻼﻗﺔ ( ﻤﻡ48.0
، ﻓﻲ ﻨﺴﺒﺔ %100.0ﺩﻟﺕ ﺘﺤﺎﻟﻴل ﺍﻻﻨﺤﺩﺍﺭ ﻋﻠﻰ ﺯﻴﺎﺩﺓ ﻤﻌﻨﻭﻴﺔ، ﻋﻠﻰ ﻤﺴﺘﻭﻯ ﺃﻗل ﻤﻥ 
، ﻭﻜﺭﺒﻭﻨـﺎﺕ ( 204.0=2ﺭ)ﺍﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ ﻤﻊ ﺯﻴﺎﺩﺓ ﻤﺤﺘﻭﻴﺎﺕ ﺍﻟﻁﻴﻥ 
( ﺍﻟـﺴﻠﺕ + ﺍﻟﺭﻤـل /)ﻭﻨﺴﺒﺔ ﺍﻟﻁﻴﻥ ( 713.0=2ﺭ)ﻭﺍﻟﺴﻠﺕ ( 972.0=2ﺭ)ﺍﻟﻜﺎﻟﺴﻴﻭﻡ 
( 044.0=2ﺭ)ﺍﻟﻁـﻴﻥ (/ﺍﻟﺴﻠﺕ+ ﺍﻟﺭﻤل )ﻭﻨﺴﺒﺔ ( 114.0=2ﺭ)ﻭﺍﻟﺭﻤل ( 704.0=2ﺭ)
  (. 105.0=2ﺭ( )ﻜﺭﺒﻭﻨﺎﺕ ﺍﻟﻜﺎﻟﺴﻴﻭﻡ + ﺍﻟﻁﻴﻥ (/ ) ﺍﻟﺭﻤل + ﺍﻟﺴﻠﺕ ) ﻭﻨﺴﺒﺔ 
8 
ﺭﺍ ﻋﻜﺴﻴﺎ ﻋﻠﻰ ﺘﻌﺭﻴﻴﺔ ﺍﻟﺭﻴﺎﺡ ﻤـﻊ ﻭﻗﺩ ﺃﻋﻁﺕ ﺍﻟﺨﻭﺍﺹ ﺍﻷﺴﺎﺴﻴﺔ ﺍﻷﺭﺒﻊ ﻭﻨﺴﺒﻬﺎ ﺘﺄﺜﻴ 
ﺘﻭﺼﻲ ﺍﻟﺩﺭﺍﺴﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ ﻨﺴﺒﺔ ﺍﻟـﺴﻠﺕ . ﺍﻨﺨﻔﺎﺽ ﻭ ﺍﺭﺘﻔﺎﻉ ﺒﺴﻴﻁ ﻓﻲ ﻤﻌﺎﻤل ﺍﻟﺘﻘﺩﻴﺭ 
ﺯﺍﺌﺩﺍ ﺍﻟﺭﻤل ﻟﻠﻁﻴﻥ ﺯﺍﺌﺩﺍ ﻜﺭﺒﻭﻨﺎﺕ ﺍﻟﻜﺎﻟﺴﻴﻭﻡ ﻜﺩﻟﻴل ﻟﻠﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ ﻷﻨﻬﺎ 
ﺴﻴﻭﻡ ﺘﺤﺘﻭﻱ ﻋﻠﻰ ﺍﻟﺤﺒﻴﺒﺎﺕ ﺍﻷﻭﻟﻴﺔ ﺍﻷﺴﺎﺴﻴﺔ ﺍﻟﺜﺎﺒﺘﺔ ﺒﺎﻻﻀﺎﻓﺔ ﻟﻤﻠﺢ ﻜﺭﺒﻭﻨـﺎﺕ ﺍﻟﻜﺎﻟ  ـ
ﺘﻡ ﺍﺴﺘﻨﺒﺎﻁ ﻤﻌﺎﺩﻟﺔ ﺍﻨﺤﺩﺍﺭ ﻤﺘﻌﺩﺩﺓ ﺍﻟﻤﺘﻐﻴﺭﺍﺕ ﻏﻴـﺭ ﺍﻟﻤـﺴﺘﻘﻠﺔ ﻟﻠﺘﻨﺒـﺅ . ﻗﻠﻴل ﺍﻟﺫﻭﺒﺎﻥ 
ﻭﺃﺨـﺭﻯ ﻟﺘﻘـﺩﻴﺭ ﺘﻌﺭﻴﻴـﺔ ﺍﻟﺭﻴـﺎﺡ ( 615.0=2ﺭ)ﺒﺎﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴـﺔ 
ﺘﻭﺼﻲ ﺍﻟﺩﺭﺍﺴـﺔ ﺃﻴـﻀﺎ . ﻭﺫﻟﻙ ﻤﻥ ﻤﻌﺭﻓﺔ ﻤﺘﻐﻴﺭﺍﺕ ﺍﻟﺘﺭﺒﺔ ﺍﻷﺭﺒﻌﺔ ( 564.0=2ﺭ)
ﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ ﻭﺍﺴـﺘﺨﺭﺍﺝ ﺘﻌﺭﻴﻴـﺔ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻟﻤﻌﺎﺩﻟﺔ ﺍﻷﻭﻟﻰ ﻟﻠﺘﻨﺒﺅ ﺒﺎﻟﺤﺒﻴﺒ 
ﺍﻥ ﺍﻟﺤﺒﻴﺒﺎﺕ ﻏﻴﺭ ﺍﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌﺭﻴﺔ ﺍﻟﺘﻲ ﻗﺩﺭﺕ ﻟﻤﺠﻤﻭﻋﺎﺕ . ﺍﻟﺭﻴﺎﺡ ﻤﻥ ﺍﻟﺠﺩﻭل ﺍﻟﻘﻴﺎﺴﻲ 
( ﺍﻟﻭﻻﻴﺎﺕ ﺍﻟﻤﺘﺤﺩﺓ ﺍﻷﻤﺭﻴﻜﻴﺔ ) ﺍﻟﺘﻌﺭﻴﺔ ﺸﺒﻴﻬﺔ ﻟﺤﺩ ﺒﻌﻴﺩ ﺒﺘﻠﻙ ﺍﻟﺘﻲ ﺤﺩﺩﺕ ﻓﻲ ﺩﺍﻜﻭﺘﺎ 
  (. ﻜﻨﺩﺍ)ﻭﺍﻟﺒﺭﺘﺎ 
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Chapter one 
Introduction 
Desertification is one of the most serious problems facing the 
world today particularly in arid and semi – arid areas. It is a 
global problem and thus it must be combated at the local, national 
and international levels. 
 
Desertification as an environmental problem occurs under fragile 
ecosystems and is accelerated by adverse human activities. This 
process of land degradation may lead to the occurrence of desert 
– like condition and reduction in land productivity. 
Desertification is defined by the United Nations Convention to 
Combat Desertification (UNCCD, 1994) as follows: "Land 
degradation in arid, semi – arid and dry sub humid areas, 
resulting from various factors including climatic variations and 
human activities ". In this context land includes soil, vegetation 
and local water resources. The term degradation means reduction 
of the present and potential productive capacity of the land by 
one or combination of the degradation processes.  
 
The occurrence of desertification is due to several causative 
factors including overgrazing, deforestation and removal of the 
natural vegetation, improper agricultural activities, over 
exploitation of vegetation for consumptive use and bio – 
industrial activities .  
 
Desertification is sometimes confused with desert encroachment 
and drought. Desertification can occur anywhere inland away 
from a desert. Desert encroachment may occur as sand creep 
from the desert across the divide line to the adjacent area of arid 
land. Whereas drought is a natural climatic phenomenon, it 
 14
doesn't cause desertification but it aggravates the harmful effects 
of non – sustainable land use (Dregne, 1958).  
 
Sudan is the largest country (2.493 millions Km2) in Africa and it 
is most seriously affected by desertification. The affected areas 
between latitude 10° – 18° N and longitude 22° 15 َ– 36° 15 َE. 
The total area affected by drought and desertification amounts to 
1.259.751 Km2, 50.5% of Sudan's total area (Salih, 1996).  
 
Sudan has twenty six states out of which thirteen states are 
affected to various degrees by desertification processes. The 
determinative processes include vegetation degradation, wind 
erosion, water erosion, salinization and sodication where as 
subordinate processes include reduction of organic matter, soil 
compaction and crusting, accumulation of substances toxic to 
plants and animals.  
 
Wind erosion is defined as a soil physical process by which loose, 
dry fine surface particles are picked up and transported by wind 
and the soil surface material is abraded by wind-borne particles of 
soil. Wind erosion is the main desertification process in the 
Sudan. Erosion by wind affects 27 million ha (Ayoub, 1998). It is 
considered as one of the main constraints of agricultural 
development in the Sudan. Wind erosion predominates in the arid 
zone while water erosion predominates in semi–arid zone.  
 
Wind erosion is a threat to the sustainability of land use as well as 
the viability and quality of life. Wind erosion depends on wind 
erosivity (We) and soil erodibility (Se). Erosivity of the wind is 
the force or energy of the wind that causes erosion. It is 
proportional to the cube of the erosive wind velocity. Soil 
erodibility is defined as "the resistance of the soil to both 
 15
detachment and transport or the susceptibility of the soil to 
erosion by wind or water". Soil erodibility is controlled mainly by 
the properties of the soil.  
 
The measurement of soil erodibility is essential for assessment, 
mapping and prediction of wind erosion. Consequently its data 
help in designing projects for controlling desertification in arid 
lands. The land of the Northern State is adversely affected by 
wind erosion and the river Nile is endangered by sand creep.  
 
The present study was undertaken as an integral part of a national 
project formulated to assess and map wind erosion in the Sudan. 
Its specific objectives include:  
 
1. Generation of broad – base quantitative data on wind 
erodobility for the soils of Northern State.  
2. Investigation of the effects of some soil properties on soil 
erodibility. 
3. Establishment of relationships between wind erodibility and 
the various soil properties and their ratios.  
4. Establishment of wind erodibility groups (WEG) for the State 
and comparing them with international groups.  
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CHAPTER TWO 
Literature Review 
2.1 Desertification 
More than one hundred countries are affected by the 
consequences of desertification. Degradation of their dry lands 
resulted from climatic variation and human activities. Dry lands 
refer to arid, semi-arid and dry sub humid lands (Dregne et al., 
1991). The world is becoming interdependent and its stability, 
security, humanitarian and economic concerns are all contributing 
to the recognition of the earth as a “Global village” or more 
specifically, a global ecosystem made up of interdependent 
States. This was envisaged in June 1992 at the UN Conference on 
Environment and Development (UNCED) when over 100 heads 
of states met and adopted Agenda 21, a blueprint for international 
action to protect the environment (Cardy, 1993). 
 
Land degradation is global in its geographical extent and all 
continents are affected to some degree. The dry lands of more 
than 80 developing countries are affected by land degradation.  
 
Dry lands, excluding the deserts, cover over one third of the land 
area of the Earth. In the past there has been much confusion over 
the meaning of desertification. The largely invalid concept of 
expanding deserts and advancing sand dunes has become a more 
permanent image in the public eye than the less visible and much 
more serious phenomenon of land degradation in dry land.  
 
The latest internationally negotiated definition of desertification 
which was adopted by UNCED states that desertification is land 
degradation in arid, semi-arid and dry sub humid areas resulting 
from various factors , including climatic variations and human 
activities.  
 17
 
2.2 Desertification processes  
Desertification occurs by one or combination of the following 
processes: vegetation degradation, wind erosion, water erosion, 
salinization and sodication, reduction of organic matter, soil 
compaction and crusting, and accumulation of substances toxic to 
plants and animals. The first four processes are determinative 
because they are more wide spread and they have large impact on 
land productivity, and the remaining three are subordinate. 
 
2.3 Soil erosion  
Soil erosion is a major desertification process. It may be a slow 
natural process that continues relatively unnoticed, or it maybe 
accelerated by human activities and occurs at an alarming rate 
causing serious loss of top soil. The loss of soil from farm land 
maybe reflected in reduced crop production potential, lower 
surface water quality and damage drainage network.  
 
Natural soil erosion has been occurring for some 450 million 
years; since the first land plants formed but "accelerated" soil 
erosion is a much more recent problem. It is the result of human 
activities, such as: overgrazing, deforestation and improper 
agricultural practices, which leave the land vulnerable during 
times of erosive rainfall or wind storms.  
 
Accelerated soil erosion affects natural environment, and is one 
of the most important of today's environmental problems. Since 
the earth's ice – free land surface is afflicted by all forms of land 
degradation. Of this, accelerated soil erosion by water is 
responsible for about 56 percent and wind erosion is responsible 
for about 28 percent. This means that the area affected by water 
erosion is, very roughly, around 11 million square km, and the 
area affected by wind erosion is around 5.5 million square km.  
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Since soil is formed slowly, it is essentially a limited resource 
that requires conservation. The severity of the global erosion 
problem is only now becoming widely appreciated (Anonymous, 
2004). 
 
 
 
2.4 Wind Erosion 
Wind erosion can be defined as the process by which loose, dry, 
fine surface soil particles are picked up and transported by wind 
and the soil surface material is abraded by wind –borne particles 
of soil. Although soil erosion by wind is generally believed to be 
of consequence only in arid and semi – arid areas it can be a 
problem wherever soil, vegetation and climate conditions are 
conducive (FAO, 1960).  
 
These conditions exist when the soil is loose, dry and reasonably 
finely divided, the soil surface is smooth and the vegetative cover 
is absent or sparse, the field is sufficiently large and the wind is 
sufficiently strong to move soil. These conditions more often 
prevail in arid and semi - arid areas where precipitation is 
inadequate or where the vagaries from season to season prevent 
maintenance of the crop residue cover. In general areas most 
susceptible to wind erosion include much of North-Africa and the 
near east, part of southern and eastern Asia, Australia and 
southern America and the semi-arid and arid portions of North 
America (FAO, 1960). 
 
Wind erosion is the main desertification process in the arid zone 
of Sudan it affects 27 million hectares out of 64 million hectares 
of degraded soils in the Sudan. Most of it is in the hyper arid and 
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arid zones of Kordofan and Darfur states where vegetation is poor 
and soil particles are loose (Ayoub, 1998). 
 
Farah (2003) studied wind erosion in Khartoum state, and found 
that potential wind erosion of cultivated fields in the following 
order: North Khartoum > South Khartoum >East Khartoum. The 
study also showed inverse relationship between the height and the 
intensity of wind erosion. The latter decreased in order of 0 cm 
>5 cm> 20 cm > 50 cm heights. Intensity of wind erosion 
increases in order of May > April > March > February > January 
> December >November. Intensity of wind erosion in order of 
bare field > shelter field > cultivated field.  
 
Mukhtar (1995) studied wind erosion in southern Khartoum with 
the use of Aerial photo interpretation. She recognized three 
classes of wind erosion: Slight, Moderate and severe wind 
erosion covering areas of about 31.7 Km², 0.1 Km² and 1.64 Km², 
respectively.  
 
Rehan (2004) studied wind erodibility of soil from the Gezira 
state, the study showed wind erodibility groups correlated very 
well with those established in North Dakota, USA and Alberta – 
Canada.  
 
Mohammed (2004) studied wind erodibility of the White Nile 
State and showed that non-erodible particles significantly 
increased with increase of clay, clay/(silt + sand), silt, CaCO3 and 
decreased with increase in (silt + sand) /clay, sand whereas the 
organic matter is not significant. The determined non-erodible 
particles of the different wind erodibility groups gave highly 
significant correlation with those of North Dakota, USA and 
Alberta, Canada, but with lower accountability. 
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Madani (2001) studied wind erodibility of soils from Khartoum 
and North Darfur States. He recommended the use of the ratio of 
silt plus sand over clay plus calcium carbonate  as an indicator of 
wind erodibility. He found wind erodibility groups which 
correlated very well with previous international groups.    
 
Ibrahim et al. (2003) evaluated, through aerial photo 
interpretation the extent and severity of sand erosion in a 760 km2 
area to the south of Khartoum, between the Blue and the White 
Nile, Sudan. Two sets of aerial photographs, dating back to the 
years 1960 and 1990 were assembled to compile two mosaics of 
the area. The results of the field checks indicated a very high 
(90%) purity of the mapping units and that 26.4% of the total area 
was affected by slight, moderate or severe wind erosion. The 
laboratory analysis indicated that sand was transported mainly in 
suspension. During this period either non-eroded area became 
eroded (26% of the total area) or the severity of wind erosion 
increased (0.24% of the total area).   
 
2.4.1 Causes of wind erosion 
2.4.1.1 Human activities 
They are the major causes of desertification, particularly in 
developing countries, where relatively poor population lives a 
subsistence life depending on the natural resources of their fragile 
ecosystem, leading to overexploitation and poor management of 
resources (forest, soil, water, atmosphere…etc ) through over 
cultivation, overgrazing , deforestation, poor irrigation practices, 
pollution ….etc. Unsustainable exploitation of the land can give 
rise to loss of biological productivity and exposure of the soil 
surface to accelerated incidences of water and wind erosion, 
leading to reduction in soil organic matter and nutrients content ( 
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Darkoh ,1993) .Ayoub(1998) stated that in Sudan human 
activities contributing to accelerated wind erosion include : 
 
i. Overgrazing which is the major causes of soil degradation 
affecting about 30 million ha (47%) of the total degraded area.  
ii. Improper agricultural practices and mechanized rain fed 
agriculture affecting about 13.9 million ha (22%) of the total 
degraded area.  
iii. Deforestation for fire wood and urban demand for charcoal 
affecting about 12 million ha (19%) of the total degraded area.  
iv. Overexploitation of vegetation for domestic use affecting 
about 8.1 million ha (13%) of the total degraded area. 
 
 2.4.1.2 Adverse climatic conditions 
Vulnerability to desertification processes and the severity of their 
impact is partly governed by adverse climatic conditions. In 
general, the lower and more uncertain the rainfall, the greater the 
potential for desertification. Other natural factors also come into 
play, such as the seasonal occurrence of rainfall as between hot 
season when it is quickly evaporated and cool season.  Also 
important are non-climatic factors such as the structure and 
texture of the soil, and the topography and the types of vegetation 
countered.  Above all liability to desertification is a function of 
pressure of land use as reflected in density of population or 
livestock or in the extent to which agriculture is mechanized. 
Natural climatic variation has occurred in the dry world on many 
times-scales. 
 
 In 1930's the great plains of U.S.A was hit by prolonged drought 
causing drastic wind erosion. This inspired the scientific 
communities to undertake a lot of research on the nature and 
control of wind erosion. The sand storm of May 1934 deposited 
about 12 million tons of top soil in Chicago. 
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Gibbs (1975) has analyzed the major Australian droughts of 20th 
century; three major droughts were identified, each about three 
years long 1900-1902, 1912-1915 and 1965-1967. Very severe 
drought recurred in 1972 affecting most of the continent.  
 
In Africa desertification was mainly due to the unsustainable 
natural resource use coupled with the recurrent prolonged drought 
periods. The great Sahelian drought had its greatest impact on 
Sudan, Chad, Neiger, Senegal, Mali and Mauritania. The great 
Sahelian drought focused world attention on the vulnerability of 
agriculture and pastoralism in the drier regions of the earth. The 
question has naturally been asked what the nature of this drought 
is. Is it a normal climatic variation? Or does it signify change of 
climate? Several authors have attempted to answer the question.  
 
Climate change in Sudan was mentioned in DECARP (1976) it 
was stated that comparison of the hypothetical vegetation types 
and location 100 years before the Present time with those mapped 
by Harrison and Jackson (1958) are highly suggestive that 
desertification in Sudan is in part due to climatic changes. 
However, it was goted that the change of Wadi El-milk from 
desert scrub zone into full desert was thought to be too large to be 
attributed to climate change only. 
 
2.4.2 Consequences of wind erosion 
In arid zones a lot of research shows that several types of 
qualitative damage are the result of wind erosion. The sorting 
action of the wind causes loss of the finer, lighter, less denser soil 
material including organic matter, silt and clay fractions from the 
surface soil, leaving coarser , less productive material behind ( 
Udden, 1898 ; Daniel,1936 ; Chepil ,1957 ; FAO, 1960 ; Chepil 
and woodruff, 1963 ; Schmidt and Triplett , 1967; Knottnerus , 
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1985). The long-term effect of this sorting process is loss of 
fertility, leading to reduction of crop yield. It may be 
compensated for by additional inputs such as fertilizers or extra 
laborer or even putting more land into production (Ponzi, 1993).  
 
Erosion also affects the structural stability of the soil and, on the 
whole can have "harmful impact on seed bed preparation tilth, 
organic matter, type and amount of clay, surface water storage 
and other physical and chemical aspects all of which in turn 
affect the soil productivity. 
 
Erosion removes nutrients from soils, delays the growth for 
several weeks depending on the severity of the injury and the 
crop type itself (Fryrear, 1969). In addition to the lower 
productivity of the soil, plant seedlings maybe damaged 
physically resulting from the abrasive impact of the blowing sand 
grains. Young plants can be cut-off by the sand blasting effect. 
Leaves and stems are damaged by abrasion, reducing or delaying 
growth, or causing greater susceptibility to diseases.  
 
Root can be exposed by removal of soil and in some cases young 
plants are completely blown out of the soil or buried (FAO, 1960; 
Schmidt and Triplett, 1967; Knottnerus, 1985). 
 
Wind erosion also indirectly influences crop production by 
deposition of fine material on crop foliage it may cause 
redistribution of fertilizers and pesticides which may accumulate 
in levels toxic to plants, increases the susceptibility of plant to 
certain types of stress including diseases, contributes to the 
transmission of some plant pathogens (FAO, 1960; Hayes, 1965; 
Duncan and Moldenhauer, 1968; Nanney et al; 1993). 
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Wind erosion not only causes on - farm problems but also off - 
farm problems including, respiratory ailments both to man and 
animals, piling of sands on houses, blockage of roads and 
railways, fills road ditches, covers road fences, reduces of 
visibility, and even damages to automobile paints, and short out 
of electric motors and switches (FAO ,1960 ; Ducan and 
Moldenhauer , 1968 ; Fryrear , 1969 ; Skidmore , 1986 , 1989 ) .  
 
2.4.3 Mechanics of wind erosion:- 
Movement of soil particles is caused by wind forces exerted 
against the surfaces of the ground. The average forward velocity 
of the wind near the ground increases logarithmically with height 
above the ground surface. The change in velocity with height is 
known as the velocity gradient. This gradient determines the 
shear stress of drag force exerted on the ground surface. The 
velocity gradient is given by following equation:- 
 
 
 
Where:- 
     Is mean wind speed at height z above the mean ground 
surface, k is the Von Karman constant (0.4), and v is friction 
velocity further defined as (τ/ ρ )½ where ρ  is air density. The 
surface shear stress τ is givens by: 
 
 
 
 
 
 
The surface shear associated with the decrease in wind velocity 
near the surface is vertical transfer of horizontal momentum. The 
momentum decreases as the surface is approached. The eddy 
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diffusion equation for steady–state one dimension momentum 
transport is given by:  
 
 
 
Where: 
km is momentum-transfer coefficient. The integrated form of 
equation 1 over a rough surface is given by the following 
equation:  
 
 
 
 
 
 
Where Zd the affective displacement height, is the distance from 
the ground surface to the plane at which the momentum-transfer 
coefficient extrapolates to zero. The roughness parameter Zo is 
the distance from the displaced reference plane to the surface at 
which the wind profile extrapolates to zero. 
 
2.4.4 Factors affecting wind erosion:- 
The rate of the wind erosion depends on two main factors namely 
wind erosivity and soil erodibility. 
 
 
2.4.4.1 Wind erosivity:- 
Wind erosivity is affected by the force of the wind and surface 
roughness. The minimum velocity of wind required to initiate soil 
movement is known as threshold velocity the greatest single 
factor influencing the threshold velocity is the size of the soil 
grains. The threshold velocity is lowest for grains 0.1 – 0.15 mm 
in diameter which requires a velocity of 3.5 to 4 meter per second 
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at 6 inches above the ground. The threshold velocity is governed 
by the size of grains. Skidmore and woodruff (1968) studied wind 
erosion in 212 locations in USA and found that only mean wind 
speeds greater than 5.4 m/s may be considered erosive. The 
erosivity equation is as follows: 
 
 
 
 
Where: 
EWj is the wind erosivity value for direction j. 
v is the  mean velocity of wind in the i'th speed group for the j'th  
direction  j (above a threshold velocity (5.4 m/sec)). 
fij is the duration of the wind for direction j in the i'th speed 
group. Expanding this equation for total wind erosivity (EW) 
over all direction yields: 
 
 
 
 
 
 
 
 
Where: 
The 16 principal compass directions begin with j = O = E and 
working anti clock wise so that: 
  j = 1 = ENE and so on until j= 15 = ESE anti clock. 
  There are four major groups of surface roughness:  
 
(i) Vegetation cover : 
Vegetation cover determines the extent to which air flow contacts 
the ground surface. The most important properties of the 
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vegetation cover in the context of surface roughness are its height 
and density. The impact of the erosive wind is reduced with 
increase of height and density of vegetation. 
 
(ii) Clod and non-erodible fraction :  
Erosion continues until a sufficient number of non-erodible 
elements are uncovered at the surface. At this stage the non-
erodible elements provide direct cover and shelter to the erodible 
grains on the surface. The point at which this cover is just 
sufficient to prevent movement from continuing or starting is 
called the critical surface barrier or critical surface roughness 
constant (Chepil, 1950 ). 
 
(iii) Ridges :  
Ridges produced by tillage have their greatest effect in reducing 
erosion by sheltering and trapping when the wind blows at right 
angle to them.  
 
(iv) Shelter-belts : 
A shelter belt consists of several rows of trees placed at right 
angle to the direction of wind. Wind tunnels and field studies 
show that in placing a barrier across the line of the wind there is a 
significant reduction in the velocity in the lee side of the barrier. 
The greatest lee-ward area sheltered near the ground is achieved 
with a porosity of about 40 percent. Chepil and Wood ruff (1963) 
suggested that a barrier whose cross-section is triangular or 
sloping to the windward, rather than vertical to the windward 
provide the maximum amount of protection. 
 
2.4.4.2 Soil erobidilty 
Erodibility of the soil is defined as "susceptibility of the soil to 
erosion by wind or water or the resistance of the soil to both 
detachment and transport by wind ". It depends upon dry rather 
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than wet aggregate stability, since only relatively dry soil 
particles are susceptible to movement by wind (Chepil , 1950 ) .  
Soil erodibility is the potential soil loss in tons per acre per 
annum from a wide, unsheltered, isolated field with a bare , 
smooth , non-crusted surface . It has been developed from wind 
tunnel and field measurements of erodibility and is based on 
climatic conditions. It is related to soil cloddiness, and it's value 
increases as the percentage of the soil fractions greater than 0.84 
mm in diameter decreases. Soil erodibility index (1) is equal to 
X2/X1 in which X1 is quantity eroded when the soil contains 60% 
of clods greater than 0.84 mm , and X2 is the quantity eroded 
under the same set of conditions from soil containing any other 
proportion of clods greater than 0.84 mm in diameter (Chepil , 
1960 ). 
 
2.4.5 Factors affecting wind erodibility of soil. 
Wind erodibility is affected by many factors including 
topographic position, slope steepness and the amount of 
disturbance, for example during tillage. The properties of the soil 
are the most important determinants. Erodibility varies with soil 
texture, aggregate stability, organic matter, moisture, calcium 
carbonate, exchangeable sodium and water – soluble salts.  
 
2.4.5.1 Soil texture:- 
Large soil particles are resistant to transport because of the 
greater force required to entrain them and fine particles are 
resistant to detachment because of there cohesiveness. The least 
resistant particles are silts and fine sand. Thus soils with high silt 
content are highly erodible Richter and Negendank (1977) 
showed that soils with 40 to 60 perecent silt content are the most 
erodible. Evans (1980) prefers to examine erodibility in terms of 
clay content indicating that soils with a restricted clay fraction, 
between 9 and 30 perecent, are the most susceptible to erosion. 
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The use of the clay content as an indicator of erodibility is 
theoretically more satisfying because the clay-particles combine 
with organic matter to form soil aggregates or clods and it is the 
stability of these which determines the resistance of the soil. 
Medani and Mustafa (2003) studied wind erodibility of the 
Khartoum and North Darfur States, the regression analysis 
showed highly significant positive correlation between non – 
erodible particles (NEP) and clay, silt, calcium carbonate and 
organic matter.   
 
2.4.5.2 Organic matter: 
The organic and chemical constituents of the soil are important 
because of their influence on aggregate stability. Soils with less 
than 2 percent organic carbon equivalent to about 3.5 percent 
organic content can be considered erodible (Evans, 1980). Most 
soils contain less then 15 percent organic content and many of the 
sands and sandy loams have less than 2 percent. Voroney,   et al. 
(1981) suggested that soil erodibility decreases linearly with 
increasing organic content over the range of 0 to 10 percent. 
 
The role played by organic material depends on its origin. 
Organic material from grass leys or farm yard manure contributes 
to the stability of the soil aggregates. 
 
Peat and under composed haulm merely protect the soil by acting 
like mulch and do a little to increase aggregate strength (Ekwue 
et al., 1993). Chemically, the most important control over 
erodibility is the proportion of the easily dispersible clays in the 
soil. High proportion of the exchangeable sodium can cause rapid 
deterioration in soil's structure on wetting with consequent loss of 
strength, followed by the formation of a surface crust and decline 
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infiltration as the detached clay particles fill the pore spaces in 
the soil (Hamid and Mustafa, 1975).  
 
The addition of sodium –containing fertilizer to support crops 
such as tobacco can sometimes lead to quite small increases in 
exchangeable sodium yet result in very marked structural 
deterioration of a previously stable soil (Miller and 
Sumner,1988). Excess of calcium carbonate within the clay and 
silt fractions of the soils also leads to high erodibility and appears 
to be the most important factor affecting the susceptibility of soil 
erosion in south east Spain (Barahona, et al., 1990 ).  
 
 
2.4.5.3 Moisture and Aggregate stability: 
Wetting of the soil weakens the aggregates because it lowers their 
cohesiveness, softens the cementing agents and causes swelling 
as the water is absorbed on the clay particles. Rapid wetting can 
also cause collapse of the aggregates through slaking. The 
wetting-up of initially dry soils results in greater aggregate 
breakdown than if the soil is already moist because, in the latter 
case, less air becomes trapped in the soil. (Truman et al., 1990). 
 
Aggregate stability also depends on the type of clay mineral 
present. Illite and smectite more readily form aggregates but the 
more open lattice structure of these minerals and the greater 
swelling and shrinkage which occurs on wetting and drying 
render the aggregates less stable than those formed from 
Kaolinite. The interactions between the moisture content of the 
soil and the chemical compositions of both the clay particles and 
the soil water are rather complex. This makes it difficult to 
predict how clays, particularly those susceptible to swelling, will 
behave. Identical treatment of different types of clay can have 
totally different effects (Thornes, 1980). 
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Although most clay lose strength when first wetted because the 
free water releases the bonds between the particles, some clays, 
under moist but unsaturated conditions, regain strength over time. 
This process, known as thixtropic behavior, occurs because the 
hydration of clay minerals and the adsorption of free   water 
promote hydrogen bonding (Grissingeer and Asmussen, 1963). 
 
Strength can also be regained if swelling bring about a 
reorientation of the soil particles from an alignment parallel to the 
eroding water to a more random orientation ( Grissingeer, 1966). 
The strength of the smectitic clay is largely dependent upon the 
sodium adsorption ratio (SAR). As SAR increases, water uptake 
increases promoting swelling and deflocculating. High salt 
concentrations in the soil water, however, can partly offset this 
effect so that aggregate stability is maintained at higher sodium 
absorption ratios (Arulanandan et al., 1975). 
 
2.4.5.4 Calcium carbonate:- 
The effect of adding calcium carbonate to the soil was 
investigated by Chepil (1954) who showed that in general 
calcium carbonate weakens soil structure and increases 
erodibility. Sandy soils provide an exception because; as they 
have little structure in the first place the addition of calcium 
carbonate is beneficial because its silt-size fraction act as a weak 
cement.  
 
2.4.5.5 Alkali and other water – solubles salt:  
Water soluble salt (calcium ions) increase aggregate stability, 
where as alkali e.g. (sodium irons) increase soil dispersion. In 
general, dispersion decreases when SAR or ESP increase and the 
total salt concentration decreases. (Hamid and Mustafa, 1975).   
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Chapter three 
Material and Methods. 
3.1 The study area: 
The study was undertaken to assess wind erodibility of the soils 
of the Northern state which is seriously affected by wind erosion. 
The Northern state lies between latitude 16˚ and 22˚ N and 
longitude 25˚ 30 ́ and 34˚ E. It hyper–arid and arid environments 
that are vulnerable to wind erosion. The total area of the Northern 
state is 356.000 km2. There are two main soil orders along the 
banks of the river Nile: The Entisols on the first terrace at the 
close proximity of the Nile and the Aridisols at the second and 
the third terraces away from the Nile. Entisols form a narrow strip 
of recent alluvial fertile soils that are not salt-affected. However, 
they are adversely affected by gully erosion at one of the river 
sides and desert encroachment at the other side. 
 
The climate in the state is hyper-arid and arid with mean annual 
rainfall of less than 100 mm. Diurnal range of temperature is 
large all the year round. Temperatures as high as 49˚C are not 
uncommon in the period extending from April to June. In winter 
temperature as low as 1.5˚C has been recorded. The vapor 
pressure is only 10.8 mb and the relative humidity is less than 
20%. Clouds are generally rare. Short-wave solar radiation is as 
high as 659 Calories cm-2 in May. Wind prevails from the north 
with a mean maximum speed of 17.6 km/hr. Desiccating winds at 
such a speed have serious impacts on soil and agriculture in the 
area. The river Nile is the main source of irrigation water in the 
state; research proved that there are abundant amounts of ground 
water suitable for agricultural and domestic purposes. This is due 
to the sand stone aquifer. The Northern state is the main part in 
the Sudan for the production of leguminous crops; medicinal and 
aromatic plants such as fenugreek, fennel, garlic and other 
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species. Wheat is grown in this state with very high productivity 
compared to other production areas in the Sudan.  
 
Due to its suitable climate, the Northern state is specialized in the 
production of fruits such as mangoes, grapefruit, sour lemon etc. 
The population of the state is about 512.000 with very low 
density (2 person / km2). Unfortunately, hyper-arid and arid zones 
have narrow resource margins; hence the rapid increase of the 
world population and the increasing demand for food makes 
conservation of optimal utilization of soil resources, in these 
regions, increasingly important (Izzeldin, 1996 ). 
 
 Salinity increases with increased aridity; highly saline soils occur 
where the average annual rainfall is less than 200 mm. The 
presence of hyper-arid and arid climate in the Northern state 
favors the formation of salt-affected soils. The upper-terrace soils 
constitute the largest proportion of land available for future 
agricultural expansion. These soils suffer to a considerable extent 
from salinity and / or sodicity (Izzeldin et al., 2000). Upper-
terrace soils in the Northern state are alkaline in reaction and very 
low in organic matter. Such soil conditions bind the micro-
nutrient to the soil particles and render them un available to the 
plant. 
 
The result of desertification studies carried by Bonifica (1986) 
has proved that at present the desert represents about 80 to 90% 
of the state and there is no doubt that the desertification process is 
still continuing. Wind erosion is the predominant desertification 
process.  
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 3.2 Materials:- 
A wide range of surface soil samples varying in texture were 
selected from 50 locations in the Northern State (Table 3.1). 
These samples were collected from agricultural fields after 
completion of land preparation operations for season 2003/2004. 
Three surface soil samples (0-3 cm) per field, were carefully 
collected at random from a transect across the agricultural field 
using a spade. The samples (1.5 kg) were carefully placed in bags 
to avoid fragmentation of aggregates and saved for measurement 
and analysis. 
 
3.3 Methods:- 
3.3.1 Methods of Estimating Wind Erodibility:- 
Soil erodibility was determined by the standard dry-sieving 
method proposed by Chepil and Woodruff (1959). 
The soil samples were air-dried, the stones and straw (if any) 
were removed. A sub sample of one kilogram of the air-dry 
samples was passed through a 0.84 mm (No. 20) sieve. The 
particles > 0.84 mm were then weighted. The sieving time varied 
between 1 and 2 minutes, depending on the mechanical stability 
of the aggregates. The percentage of particles > 0.84 mm was 
determined for each sample and soil erodibility was determined 
using Table 3.2.  
 
3.3.2 Chemical and physical analysis:-  
Each soil sample was crushed, passed through 2 mm sieve and 
saved for physical and chemical analysis. Particle-size 
distribution was determined using the hydrometer method as 
described by Black. et al (1965), and the texture classes were 
determined by USDA textural triangle. Calcium carbonate 
contents were determined for samples which had effervescence 
in an acid drop test, by titration against EDTA according to the 
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Table (3.1) Northern State sampling areas:* 
Site No. Site (area ) Site No. Site area 
1 Ertidi 33 Nafab -2 
2 El daraja Eltalta 34 El Arkii-1 
3 El daim 35 El Arkii-2 
4 Daim al ababda 36 El gareef-1 
5 Kubtot 37 El gareef-2 
6 Maragha 38 Norii 
7 Kerma -1 39 Seewagat-1 
8 Kerma -2 40 Seewagat-2 
9 Bergeig 41 Casingar-1 
10 Elgoled 42 Casinjar -2 
11 Dambo 43 Abufatima  
12 Seleim-1 44 Tagar 
13 Seleim-2 45 Maria 
14 Elghaba 46 Kharintoodwadii-1 
15 Eldebba-1 47 Kharintoodwadii-2 
16 Eldebba-2 48 Abrii 
17 Debbat elfugara 49 Salhab-1 
18 Debbat elfugara 50 Salhab-2 
19 Girra barra   
20 Karmakol   
21 Kerut   
22 Wad gabiya   
23 Kakur   
24 Marawi-1   
25 Marawi-2   
26 Karima -1   
27 Karima -2   
28 Goorare   
29 Mora-1   
30 Mora-2   
31 Recapya    
32 Nafab -1   
                                                 
* Refer to Map in Appendix 
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Table 3.2: Soil erodibility I for soils with different percentage of non-erodible fractions as determined by standard 
dry sieving * 
Units 
0 1 2 3 4 5 6 7 8 9 
Percentage 
of dry soil 
fractions 
>0.84 mm   
_______________________________________________Ton/acre___________________________________________ 
0 - 310 250 220 195 180 170 160 150 140 
10 134 131 128 125 121 117 113 109 106 102 
20 98 95 92 90 88 86 83 81 79 76 
30 74 72 71 69 67 65 63 62 60 58 
40 56 54 52 51 50 48 47 45 43 41 
50 38 36 33 31 29 27 25 24 23 22 
60 21 20 19 18 17 16 16 15 14 13 
70 12 11 10 8 7 6 4 3 3 2 
80 2 - - - - - - - - - 
 
* For a fully crusted soil surface, regardless of soil texture, the erodibility I is, on the average, about 1/6 of that shown.    
(source: Woodruff and Siddoway,1965). 
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method described by Chapman and Pratt (1961). Soil pH in 
saturation extract determined using pH-meter, ECe by EC meter.  
 
Organic carbon (O.C) and organic matter (O.M) were 
determined by dry ashing method of Fredreck, translated by 
Ibrahim (1991). Sodium (Na+) was determined using the flame 
photometer, and sodium adsorption ratio (SAR) was calculated 
using the following equation:  
 
 
 
 
 
Where ionic concentrations are given in (mmol+ /L). 
 
3.3.3 Wind erodibility group (WEG): 
The soil samples were grouped into wind erodibility groups 
(WEG) according to their texture classes. The mean percentage 
of soil particles > 0.84 mm ( non-erodible particles ) were 
calculated for each WEG and compared  with those estimated 
from the WEGs obtained for north Dakota, USA ( Chepil , 
1962a ; Chepil et al , 1963 ; Hayes , 1965 )  and Alberta – 
Canada ( Black and Chanasyk , 1989 ).Statistical analysis and 
computations were made by "Excel 2000 " .  
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Chapter four 
Results 
4.1 Particle – size distribution and texture.  
Table 4.1. presents particle–size distribution and texture classes 
of the fifty soil samples of the Northern State.  
The mean clay content ranged from 16.8 to 49.5%. The standard 
deviation (SD) and coefficient of variation (CV) of the replicate 
samples of the individual fields ranged from 0 to 10.2 and from 
0 to 39.9%, respectively. The overall mean SD and CV for the 
means of all the soil samples were 1.65 and 6.1%, respectively.  
 
The mean silt content ranged from 10.4 to 30.5%, and the SD 
and CV values for the replicate samples of each field ranged 
from 0 to 3.18 and from 0 to 19.5 %, respectively. The overall 
mean SD and CV for all the soil samples were 1.33 and 7.9, 
respectively.  
 
The mean sand content ranged from 23.2 to 71.4 % and the SD 
and CV values for the replicate samples of individual fields 
ranged from 0.1 to 9.5 and from 0.2 to 17.9%, respectively. The 
overall mean SD and CV values were 2.60 and 4.8%, 
respectively.  
 
The texture classes ranged from sandy loam to loam. Thirty 
eight soil samples belonged to the sandy loam texture, nine were 
sandy clay loam, two were loam and one was clay loam. Most of 
the soil samples belonged to sandy loam texture class.  
 
4.2 Soil organic matter.  
The organic matter (OM) data of the surface soil samples are 
shown in Table 4.2. The mean organic matter ranged from 0.10 
to 3.26 %. The SD and CV values of the replicate soil samples 
of the individual fields ranged from 0 to 0.95 and from 0 to 
117.6 %, respectively. The overall mean SD and CV values 
were 0.29 and 34.4, respectively. 
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4.3 salinity and sodicity  
Table 4.3 shows that the mean electrical conductivity of the 
saturation extract at 25 C (ECe) values ranged from 0.8 to 63.5 
ds/m.The SD and CV values of the replicate soil samples for 
separate field ranged from 0 to 43.13 and from 0 to 99.1% , 
respectively. The overall mean SD and CV were 3.12 and 
30.9%, respectively.  
The mean sodium adsorption ratio (SAR) values of the 
individual samples ranged from 1.00 to 99.2. The SD and CV 
values of the individual soil samples ranged from 0.04 to 47.65 
and from 0.3 to 111.8%, respectively. The overall mean SD and 
CV values were 3.75 and 33.4%, respectively.  
 
4.4 Calcium carbonate  
Table 4.3 shows that the mean calcium carbonate (CaCO3) of 
the individual soil samples ranged from 0.83 to 9.32. The SD 
and CV values of the individual soil samples ranged from 0 to 
2.86 and from 0 to 49.7, respectively. The overall mean SD and 
CV values were 0.45 and 14.8%, respectively.  
 
4.5 Soil particles > 0.84mm  
Table 4.4 shows that the mean percentage of the soil particles > 
0.84mm (non-erodible particles) ranged from 4.2 to 76.1% the 
SD and CV values of the individual soil samples ranged from 0 
to 6.39 and from 0 to 58.3%, respectively. The overall SD and 
CV values were 1.78 and 5.8%, respectively.  
 
4.6 Soil erodibility  
Table 4.4 shows that the soil erodibiliy index ranged from 9.6 to 
474.1 ton/ha. The overall mean wind erodibility of the soil 
samples is 142.0 ton/ha.  
 
4.7 The relationship between soil particles > 0.84mm and soil 
properties  
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Simple regression analysis (Little and Jackson, 1975) was made 
to examine the relationship between particles > 0.84mm (NEP) 
and relevant soil properties (Table 4.5).  
Fig.4.1. Shows a highly significant (p<0.001, R=0.634) linear, 
increase in NEP with increase in clay content. Clay content 
accounted for about 40% of the variability of the NEP. 
 
Table 4.1 Mean clay, silt and sand percentage and soil texture of the studied samples 
Soil Mean SD CV Mean SD CV Mean SD CV 
No. Clay(%)     Silt(%)     Sand(%)     
Soil 
Texture 
1 40.7 0.50 1.2 16.9 0.71 4.2 42.5 0.22 0.5 Sandy clay loam 
2 26.4 0.36 1.4 16.1 0.42 2.6 57.5 0.10 0.2 sandy loam 
3 25.4 0.64 2.5 17.3 0.00 0.0 57.3 0.64 1.1 sandy loam 
4 27.0 0.57 2.1 16.3 1.41 8.7 56.7 1.98 3.5 sandy loam 
5 27.5 0.78 2.8 19.6 2.26 11.5 53.0 3.04 5.7 sandy loam 
6 22.3 0.36 1.6 15.0 2.05 13.7 62. 8 1.69 2.7 sandy loam 
7 25.0 0.10 0.4 17.2 2.69 15.6 57.9 2.62 4.5 sandy loam 
8 26.2 1.20 4.6 16.7 3.18 19.0 57.2 4.38 7.7 sandy loam 
9 38.8 1.70 4.4 23.1 2.12 9.2 38.1 3.82 10.0 Sandy clay loam 
10 25.9 2.69 10.4 12.2 1.91 15.7 61.9 4.59 7.4 Sandy loam 
11 28.6 2.55 8.9 17.2 1.41 8.2 54.2 1.13 2.1 Sandy loam 
12 41.8 1.13 2.7 20.5 0.64 3.1 37.8 0.50 1.3 Sandy clay loam 
13 29.8 1.13 3.8 20.5 0.64 3.1 49.8 1.77 3.6 Sandy loam 
14 20.5 1.35 6.6 13.2 1.49 11.3 66.3 1.46 2.2 Sandy loam 
15 20.6 0.78 3.8 13.2 0.78 5.9 66.3 1.56 2.3 Sandy loam 
16 18.2 0.71 3.9 10.4 0.64 6.2 71.4 1.35 1.9 Sandy loam 
17 41.5 0.64 1.5 25.9 0.71 2.7 32.7 1.35 4.1 Sandy clay loam 
18 44.8 2.19 4.9 16.0 0.64 4.0 39.3 1.56 4.0 Sandy clay loam 
19 24.3 0.92 3.8 15.5 1.27 8.2 60.3 2.19 3.6 Sandy loam 
20 20.7 1.13 5.5 13.5 0.00 0.0 65.8 1.13 1.7 Sandy loam 
21 31.4 1.06 3.4 21.8 1.27 5.8 46.9 2.33 5.0 Sandy loam 
22 23.5 6.36 27.1 17.7 2.83 16.0 58.8 9.19 15.6 Sandy loam 
23 16.8 0.28 1.7 12.1 0.67 5.5 71.1 0.64 0.9 Sandy loam 
24 21.4 0.22 1.0 12.6 1.27 10.1 66.1 1.06 1.6 Sandy loam 
25 20.3 1.10 5.4 18.2 1.27 7.0 61.5 2.83 4.6 Sandy loam 
26 18.2 1.13 6.2 11.7 1.27 10.9 70.1 2.40 3.4 Sandy loam 
27 21.7 0.22 1.0 11.3 0.64 5.7 67.1 4.85 1.3 Sandy loam 
28 22.6 1.49 6.6 14.5 2.69 18.6 62.9 4.20 6.7 Sandy loam 
29 24.9 1.41 5.7 10.5 2.05 19.5 64.6 2.24 3.5 Sandy loam 
30 25.8 2.26 8.8 16.4 2.54 15.5 57.8 4.81 8.3 Sandy loam 
31 25.9 6.36 24.6 17.2 2.40 14.0 56.9 8.77 15.4 Sandy loam 
32 41.6 2.26 5.4 18.7 0.64 3.4 39.7 2.87 7.3 Sandy clay loam 
33 49.5 0.71 1.4 27.3 0.14 0.5 23.2 0.85 3.7 Clay loam 
34 43.7 3.70 8.5 23.6 1.27 5.4 32.7 2.48 7.6 Sandy clay loam 
35 23.0 0.00 0.0 15.2 0.42 2.8 61.8 0.42 0.7 Sandy loam 
36 23.5 2.05 8.7 17.3 1.27 7.4 59.3 3.32 5.6 Sandy loam 
37 24.6 0.57 2.3 18.3 0.10 0.5 57.1 0.64 1.1 Sandy loam 
38 24.3 2.62 10.8 19.6 0.64 3.3 56.2 3.25 5.4 Sandy loam 
39 31.3 0.78 2.5 21.7 2.69 12.4 47.1 3.67 7.4 Sandy loam 
40 26.8 3.11 11.6 19.6 1.91 9.7 53.7 5.02 9.3 Sandy loam 
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41 27.0 0.64 2.4 20.5 0.64 3.1 52.6 1.27 2.4 Sandy loam 
42 22.6 0.14 0.6 17.8 1.91 10.7 59.6 1.91 3.2 Sandy loam 
43 34.4 3.04 8.8 30.0 0.78 2.6 35.7 2.26 6.3 Loam 
44 37.5 2.19 5.8 30.5 0.64 2.1 32.1 1.56 4.8 Loam 
45 27.8 2.48 8.9 23.4 1.69 7.2 48.8 0.78 1.6 Sandy loam 
46 33.2 0.78 2.4 25.5 1.13 4.4 41.4 1.91 4.6 Sandy clay loam 
47 25.5 10.18 39.9 21.5 0.64 2.9 53.1 9.50 17.9 Sandy loam 
48 37.5 1.06 2.8 26.4 2.76 10.5 36.2 1.69 4.7 Sandy clay loam 
49 24.7 2.33 9.5 21.6 0.99 4.6 53.8 3.32 6.2 Sandy loam 
50 19.5 0.42 2.2 14.6 2.55 17.5 65.9 2.97 4.5 Sandy loam 
Overall   1.65 6.06   1.33 7.85   2.60 4.81   
Mean                     
Table 4.2 Mean organic matter percentage; (Si+S)/C; C/(Si+S) and 
(Si+S)/(C+CaCO3) ratios of the studied samples   
Soil No. Mean O.M SD CV (Si+S)/C C/(Si+S) (Si+S)/(C+CaCO3) 
1 0.98 0.37 37.8 1.46 0.68 1.40 
2 0.57 0.07 12.3 2.79 0.36 2.56 
3 1.39 0.36 25.9 2.94 0.34 2.64 
4 0.57 0.37 64.9 2.70 0.37 2.01 
5 0.47 0.08 17.0 2.64 0.38 2.38 
6 0.93 0.58 62.4 3.49 0.29 3.30 
7 0.26 0.07 27.0 3.00 0.33 2.66 
8 0.57 0.37 64.9 2.82 0.35 2.56 
9 2.43 0.95 39.1 1.58 0.63 1.40 
10 0.52 0.15 28.8 2.86 0.35 2.68 
11 0.47 0.22 46.8 2.49 0.40 2.18 
12 0.88 0.07 8.0 1.39 0.72 1.30 
13 1.35 0.73 54.0 2.36 0.42 2.13 
14 0.57 0.07 12.3 3.87 0.26 3.23 
15 0.88 0.37 42.0 3.87 0.26 3.71 
16 0.42 0.15 35.7 4.49 0.22 4.15 
17 1.81 0.95 52.5 1.41 0.71 1.36 
18 2.32 0.51 21.9 1.23 0.81 1.15 
19 0.31 0.00 0.0 3.12 0.32 2.88 
20 1.08 0.95 87.9 3.83 0.26 3.67 
21 0.21 0.00 0.0 2.19 0.46 1.77 
22 0.31 0.14 45.2 3.26 0.31 2.71 
23 0.47 0.08 17.0 4.88 0.20 4.57 
24 0.34 0.40 117.6 3.68 0.27 3.53 
25 0.56 0.39 69.6 3.93 0.25 3.53 
26 0.21 0.15 71.4 4.49 0.22 4.23 
27 0.82 0.01 1.7 3.62 0.28 3.37 
28 0.78 0.52 66.7 3.43 0.29 3.02 
29 0.47 0.22 46.8 3.01 0.33 2.91 
30 1.34 0.88 65.6 2.88 0.35 2.65 
31 0.98 0.81 82.7 2.86 0.35 2.34 
32 2.48 0.59 23.8 1.40 0.71 1.32 
33 3.26 0.22 6.7 1.02 0.98 0.98 
34 2.48 0.15 6.0 1.29 0.77 1.22 
35 1.09 0.22 20.2 3.35 0.29 3.06 
36 1.29 0.37 28.7 3.26 0.31 2.81 
37 1.34 0.00 0.0 3.07 0.33 2.66 
 42
38 0.47 0.08 17.0 3.12 0.32 2.57 
39 0.99 0.22 22.2 2.20 0.45 1.88 
40 0.99 0.22 22.2 2.73 0.37 2.29 
41 1.19 0.80 67.2 2.71 0.37 2.38 
42 0.73 0.15 20.5 3.41 0.29 3.02 
43 0.78 0.08 10.1 1.91 0.52 1.77 
44 0.83 0.00 0.0 1.67 0.59 1.37 
45 0.21 0.15 71.4 2.60 0.38 2.17 
46 0.41 0.00 0.0 2.02 0.49 1.71 
47 0.36 0.07 19.4 2.92 0.34 2.36 
48 0.88 0.07 8.0 1.67 0.59 1.52 
49 0.16 0.08 50.0 3.05 0.33 2.64 
50 0.10 0.00 0.0 4.13 0.24 3.18 
Overall 
mean   0.29 34.4       
Table 4.3 Mean pH, ECe, SAR and CaCO3 content of the studied samples 
Soil No. pH ECe SD CV SAR SD CV CaCO3 SD CV 
   (dS/m)     (mmol+/l)^0.5     (%)     
1 8.5 5.9 1.20 20.3 6.7 2.38 35.5 3.53 0.54 15.3 
2 8.4 2.0 0.22 11.0 2.8 0.28 10.0 2.39 0.27 11.3 
3 8.3 2.1 1.13 53.8 3.4 0.98 28.8 2.91 0.47 16.2 
4 8.7 2.7 0.85 31.5 14.4 4.70 32.6 9.32 0.13 1.4 
5 8.4 11.6 4.17 35.9 12.0 3.90 32.5 3.01 0.21 7.0 
6 8.4 1.7 0.22 12.9 1.7 0.51 30.0 1.15 0.54 47.0 
7 8.6 1.6 0.22 13.8 3.2 0.50 15.6 3.25 0.67 20.6 
8 8.2 3.8 0.50 13.2 2.6 0.14 5.4 2.63 0.34 12.9 
9 7.9 4.8 0.64 13.3 7.4 0.82 11.1 5.00 0.47 9.4 
10 8.7 1.7 0.57 33.5 4.6 3.35 72.8 1.78 0.33 18.5 
11 8.7 1.0 0.10 10.0 1.7 0.43 25.3 4.19 0.13 3.1 
12 8.5 5.2 3.61 69.4 16.1 0.87 5.4 2.96 0.40 13.5 
13 8.9 1.2 0.50 41.7 3.4 1.68 49.4 3.15 0.00 0.0 
14 8.9 1.3 0.42 32.3 3.1 1.56 50.3 4.15 0.74 17.8 
15 8.5 9.6 4.17 43.4 13.5 8.22 60.9 0.83 0.06 7.2 
16 8.9 4.9 1.98 40.4 8.1 0.58 7.2 1.49 0.34 22.8 
17 8.6 1.3 0.10 7.7 3.5 1.92 54.9 1.73 0.00 0.0 
18 8.6 1.5 0.14 9.3 3.5 1.45 41.4 3.20 0.20 6.3 
19 8.6 0.9 0.10 11.1 1.0 0.04 4.0 2.01 0.27 13.4 
20 8.2 5.1 0.92 18.0 2.7 0.14 5.2 0.92 0.20 21.7 
21 9.2 4.6 0.36 7.8 32.1 2.99 9.3 7.14 0.27 3.8 
22 8.7 5.4 2.05 40.0 15.1 1.51 10.0 4.72 0.07 1.5 
23 8.5 13.5 2.12 15.7 14.6 7.66 52.5 1.39 0.21 15.1 
24 9.0 2.1 0.42 20.0 4.6 0.67 14.6 0.92 0.20 21.7 
25 8.5 4.2 1.91 45.5 6.8 0.81 11.9 2.25 0.61 27.1 
26 9.0 0.8 0.10 12.5 1.7 0.80 47.1 1.16 0.13 11.2 
27 8.8 5.1 0.99 19.4 16.5 0.46 2.8 1.59 0.06 3.8 
28 8.7 8.6 1.69 19.7 10.3 2.18 21.2 3.06 0.81 26.5 
29 9.0 11.2 11.10 99.1 18.7 17.76 94.9 0.92 0.20 21.7 
30 8.9 44.5 43.13 96.9 59.6 47.65 79.9 2.25 0.88 39.1 
31 8.4 63.5 26.16 41.2 99.2 34.87 35.2 5.75 2.86 49.7 
32 8.2 3.5 0.10 2.9 1.5 0.42 28.0 2.77 1.07 38.6 
33 8.4 1.7 0.92 54.1 1.0 0.10 10.0 2.16 0.33 15.3 
34 8.2 1.2 0.05 4.2 1.3 0.39 30.0 2.44 0.88 36.1 
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35 8.6 2.0 1.63 81.5 6.2 5.65 91.1 2.20 0.00 0.0 
36 8.5 1.6 0.36 22.5 1.9 0.75 39.5 3.77 0.33 8.8 
37 8.5 1.9 1.27 66.8 1.3 0.11 8.5 3.72 0.00 0.0 
38 8.5 22.5 6.36 28.3 30.7 1.27 4.1 5.19 1.01 19.5 
39 8.8 1.4 0.50 35.7 5.9 4.55 77.1 5.39 0.47 8.7 
40 8.4 3.4 0.10 2.9 1.6 0.28 17.5 5.15 0.94 18.3 
41 8.4 5.8 4.38 75.5 3.1 0.15 4.8 3.73 0.13 3.5 
42 8.9 1.3 0.50 38.5 2.3 1.75 76.1 3.01 1.15 38.2 
43 8.0 20.0 5.66 28.3 20.3 3.47 17.1 2.73 0.06 2.2 
44 8.7 1.0 0.28 28.0 1.1 1.23 111.8 8.19 0.54 6.6 
45 9.0 1.2 0.42 35.0 5.0 5.16 103.2 5.44 0.67 12.3 
46 8.4 21.0 8.49 40.4 20.5 5.13 25.0 5.86 0.47 8.0 
47 8.3 17.0 0.00 0.0 15.3 0.08 0.5 6.05 1.01 16.7 
48 8.4 36.5 10.61 29.1 50.2 0.17 0.3 3.58 0.34 9.5 
49 8.4 8.4 2.05 24.4 9.4 1.12 11.9 3.87 0.33 8.5 
50 8.7 3.3 0.28 8.5 6.8 3.84 56.5 5.81 0.27 4.6 
 Overall 
mean   3.12 30.9   3.75 33.4   0.45 14.8 
                Table 4.4 Mean soil particles > 0.84mm(%) and erodibility (ton/ha) 
                                                       of the studied samples 
 
Soil No. 
Mean Soil  particles > 
0.84mm SD CV Erodibility 
 1 48.7 1.39 2.9 102.7 
 2 23.4 0.15 0.6 220.2 
 3 40.7 1.61 4.0 134.8 
 4 76.1 0.10 0.1 9.6 
 5 49.9 5.36 10.7 94.6 
 6 27.5 1.84 6.7 197.5 
 7 31.2 0.65 2.1 177.3 
 8 32.3 3.57 11.1 173.8 
 9 37.1 2.22 6.0 152.6 
 10 59.6 4.81 8.1 52.8 
 11 68.6 0.52 0.8 33.1 
 12 76.1 0.86 1.1 9.6 
 13 32.4 1.20 3.7 173.3 
 14 35.8 4.66 13.0 156.5 
 15 4.2 2.45 58.3 474.1 
 16 36.8 1.15 3.1 153.6 
 17 53.4 1.54 2.9 74.6 
 18 57.3 1.43 2.5 58.5 
 19 25.9 0.78 3.0 205.7 
 20 16.7 0.80 4.8 272.1 
 21 59.5 1.07 1.8 53.1 
 22 38.8 0.23 0.6 144.2 
 23 32.4 2.70 8.3 173.3 
 24 26.3 1.84 7.0 203.5 
 25 33.4 1.89 5.7 168.4 
 26 37.6 0.28 0.7 150.1 
 27 27.8 0.59 2.1 196.0 
 28 23.9 1.42 5.9 217.8 
 29 25.3 3.46 13.7 210.1 
 30 27.6 1.06 3.8 197.0 
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 31 28.9 4.79 16.6 188.4 
 32 33.6 2.45 7.3 167.4 
 33 72.2 0.14 0.2 23.7 
 34 70.7 0.92 1.3 27.9 
 35 27.1 0.54 2.0 199.5 
 36 30.1 2.05 6.8 182.2 
 37 21.3 0.84 3.9 232.3 
 38 44.9 5.59 12.4 119.0 
 39 56.1 6.39 11.4 61.5 
 40 28.1 3.50 12.5 194.3 
 41 38.3 0.06 0.2 146.7 
 42 35.4 1.39 3.9 158.5 
 43 47.1 3.13 6.6 110.6 
 44 54.2 3.00 5.5 70.6 
 45 56.9 0.24 0.4 59.5 
 46 54.4 0.49 0.9 69.6 
 47 37.3 0.84 2.3 151.6 
 48 54.3 1.06 1.9 70.1 
 49 46.3 0.19 0.4 114.6 
 50 38.3 0.00 0.0 146.7 
 Overall mean   1.78 5.8 142.0 
 
Table 4.5 Parameters for the equations of the trend lines showing the 
relationship between percentages of non-erodible soil particles (NEP) 
of soils and some of their properties. 
* Cubic: Y= ax3 + bx2 + cx + d, linear: Y= ax +b.  
R (0.05) = 0.2789; R (0.01) = 0.3613; R (0.001) = 0.4519   
OM = Organic matter; Si = silt; S= sand; C = clay; CaCO3 = 
calcium carbonate.  
 
 
 
 
 
 
Property  Type  a b c  d R R2 
Clay % Linear 1.2947 4.4056 - - 0.634 0.402
Silt % Cubic -0.0212 1.265 -22.125 150.87 0.563 0.317
Sand % Linear -0.8791 88.002 - - -0.640 0.410
CaCo3% Cubic 0.4202 -5.9644 27.033 4.533 0.528 0.279
OM% Cubic 0.5035 6.2487 17.687 47.546 0.373 0.139
(Si+S)/C  " 2.7196 -20.94 37.044 40.083 -0.663 0.440
C/(Si+S) " 161.02 -319.86 246.91 -15.081 0.638 0.407
(Si+S)/(C+CaCO3) " 3.1752 -21.868 31.325 47.695 -0.708 0.501
(Si+S)/(C+OM) "  2.6798 -19.898 32.702 43.647 -0.647 0.419
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Fig.4.2. Indicated a highly significant (P<0.001, R=0.563) cubic 
increase in NEP with increase in silt content. Silt content 
accounted for about 32% of the variability of the NEP.  
 
Fig.4.3. Shows a highly significant (p<0.001, R=0.640) linear 
decrease in NEP with increase in sand content. Sand content 
accounted for about 41% of the variability of the NEP.  
 
Fig.4.4. Shows a highly significant (p<0.001, R=0.528) cubic 
increase in NEP with increase CaCO3 content. CaCO3 content 
accounted for about 28% of the variability of the NEP.  
 
Fig.4.5. Shows significant (P< 0.01, R=0.373) correlation 
between NEP and OM content. The trend line shows that NEP 
increases with increase OM content. OM content accounted for 
about 14%. 
 
Fig.4.6. Shows a highly significant (p<0.001, R=0.663) 
correlation between NEP and (Si+S) / C ratio. The plot shows 
cubic decrease in NEP with increase in (Si+S) / C ratio. The 
coefficient of determination indicated that (Si+S) / C ratio 
accounted for about 44% of the variability of the NEP.  
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Fig.4.7. Shows a highly significant (p<0.001, R=0.638) cubic, 
increase in NEP with increase in C/ (Si+S) ratio. The C/( Si+S ) 
ratio accounted for about 41% of the variability of the NEP.  
 
Fig.4.8. Shows a highly significant (p<0.001, R= 0.708) linear, 
decrease of NEP with increase in (Si+S) / (C+CaCO3) ratio.  
This ratio accounted for about 50% of the variability of the 
NEP.  
 
Fig.4.9. Shows a highly significant (P<0.001, R=0.647) 
correlation between NEP and (Si+S) / (C+OM) ratio. The trend 
line shows that NEP decreased with increase in (Si + S) / 
(C+OM) ratio. This ratio accounted for about 42% of the 
variability of the NEP.  
 
The correlation between NEP and ECe or SAR was not 
significant.  
 
 
Fig. 4.1 Mean non-erodible soil particles (NEP) versus 
clay content
y = 1.2947x + 4.4056
R2 = 0.4017
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Fig. 4.2 Mean non-erodible soil particles (NEP) versus 
silt content
y = -0.0212x3 + 1.2651x2 - 22.125x + 150.87
R2 = 0.3165
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Fig. 4.3 Mean non-erodible soil particles (NEP) versus 
sand content
y = -0.8791x + 88.002
R2 = 0.4099
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Fig. 4.4 Mean non-erodible soil particles (NEP) versus 
CaCO3 content
y = 0.4202x 3 - 5.9644x 2 + 27.033x + 4.533
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Fig. 4.5 Mean non-erodible soil particles (NEP) versus 
OM content
y = 0.5035x3 + 6.2487x2 - 17.687x + 47.546
R2 = 0.1391
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Fig. 4.6 Mean non-erodible soil particles (NEP) 
versus (Si+S)/(C) ratio
y = 2.7196x3 - 20.94x2 + 37.044x + 40.083
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Fig. 4.7Mean non-erodible soil particles (NEP) versus 
C/(Si+S) ratio
y = 161.02x 3 - 319.86x 2 + 246.91x - 15.081
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Fig. 4.8 Mean Non-erodible soil particles (NEP) versus 
(Si+S)/(C+CaCO3) ratio
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Fig. 4.9 Mean Non-erodible soil particles (NEP) versus 
(Si+S)/(C+OM) ratio
y = 4.4741x3 - 36.228x2 + 78.674x + 4.4781
R2 = 0.3879
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4.8 The relationship between wind erodibility and soil 
properties  
Table 4.6 shows the data of the regression lines showing the 
relationship of the various soil properties with wind erodibility 
of soils  
 
Fig.4.10. Shows highly significant (P<0.001, R= 0.580) cubic, 
decrease of wind erodibility of soil (WE) with increase of clay 
content. Clay content accounted for about 35% of the variability 
of WE. Using this relationship WE were 44.8 and 204.4 ton/ha 
at clay contents equal to 49.5% (maximum value) and 16.8% 
(minimum value), respectively.  
 
Fig.4.11. Shows highly significant correlation (P<0.001, 
R=0.589) between WE and silt content. The cubic trend line 
indicated that WE decreased with increase in silt content. Silt 
content accounted for about 35% of the variability of WE. Using 
the cubic relationship, WE were about 118.8 and 277.0 ton/ha at 
silt content equal to 30.5% (maximum value) and 
10.4(minimum value), respectively.  
 
Fig.4.12. Shows a highly significant (P<0.001, R=0.606) cubic 
increase in WE with increase in sand content, which accounted 
for about 37% of the variability of WE. Using the cubic 
relationship, WE were 179.7 and 46.9 ton/ha at sand content 
equal to 71.4 %( maximum value) and 23.2% (minimum value), 
respectively. 
 
Fig.4.13. Shows a highly significant (P<0.001, R=0.555) cubic 
decrease of WE with increase in CaCO3 content. The CaCO3 
content accounted for about 31% of the variability of WE.  
 
Fig.4.14. Shows a significant (P<0.05, R=0.333) cubic decrease 
of WE with increase in OM content. The OM content accounted 
for about 11% of the variability of WE.  
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Table 4.6 parameters for the equations of the trend lines showing the 
relationship between percentage of Wind erodibility (WE, ton/ha) 
and various soil properties. 
* Cubic: Y= ax3 + bx2 + cx + d, power: Y= a x b 
R (0.05) = 0.2789; R (0.01) = 0.3613; R (0.001) = 0.4519   
OM, Si, and C explained in table 4.5.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Property  Type  a b c  d R R2 
Clay % cubic 0.0022 -0.125 -5.5042 -320.34 -0.589 0.347
Silt % cubic 0.0029 -0.1479 -5.7898 350.69 -0.589 0.348
Sand % " -0.0024 0.3828 -15.191 229.16 0.606 0.368
CaCO3% " -0.2132 31.99 -152.62 353.38 -0.555 0.308
OM% " 7.3147 -72.647 136.61 94.229 -0.333 0.111
(Si+S)/C power 34.111 1.2516 - - 0.598 0.358
C/(Si+S) cubic -781.3 1694.9 -1329.3 439.51 -0.590 0.348
(Si+S)/(C+CaCO3) " -22.378 168.72 -324.04 250.66 0.681 0.464
(Si+S)/(C+OM) " -19.281 153.27 -316.45 260.29 0.622 0.386
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Fig. 4.10Wind erodibility (WE) versus clay content
y = 0.0025x3 - 0.125x2 - 5.5042x + 320.34
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Fig. 4.11 Wind erodibility (WE) versus silt content
y = 0.0944x3 - 5.5944x2 + 96.895x - 344.99
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Fig. 4.12 Wind erodibility (WE) versus sand content
y = -0.0022x3 + 0.3414x2 - 13.497x + 203.7
R2 = 0.3669
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Fig.4.15 Shows a highly significant (P< 0.001, R=0.598) power 
increase of WE with increase in (Si+S)/C ratio. This ratio 
accounted for about 36% of the variability of WE. The power 
relationship shows that at a ratio equal 4.88(maximum value), 
and 1.02(minimum value), WE were equal to 248 and 35 ton/ha, 
respectively.  
 
Fig.4.16. Shows a highly significant (P<0.001, R=0.590) cubic 
decrease of WE with increase in C/(Si+S) ratio. This ratio 
accounted for about 35% of the variability of WE. Using the 
cubic relationship WE are equal to 59.6 and 235.2 ton/ha at this 
ratio equal to 0.81(maximum value) and 0.20(minimum value), 
respectively.  
 
Fig.4.17. Shows a highly significant (p<0.001, R=0.681) cubic 
and gradual increase of WE with increase of (Si+S)/(C+CaCO3) 
ratio. This ratio accounted for about 46% of the variability of 
WE.  
 
Fig.4.18. Shows a highly significant (p<0.001, R=0.622) cubic 
increase of WE with increase in (Si+S)/(C+OM) ratio. This ratio 
accounted for about 39% of the variability of WE. 
 
The correlation between ECe  SAR and WE were not significant.  
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4.14 Wind erodibility (WE) versus OM content
y  = 7.3147x3 - 72.647x2 + 136.61x + 94.229
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Fig. 4.15 Wind erodibility (WE) versus (Si+S)/C ratio
y = 34.111x1.2516
R2 = 0.3582
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4.13 Wind erodibility (WE) versus CaCO3 content
y = -2.1321x 3 + 31.99x 2 - 152.62x + 353.38 
R
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4.16 Wind erodibility (WE) versus C/(Si+S) ratio
y = -781.3x3 + 1694.9x2 - 1329.3x + 439.51
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4.18 Wind erodibility (WE) versus (Si+S)/(C+OM) ratio
y = -19.281x3 + 153.27x2 - 316.45x + 260.29
R2 = 0.3864
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4.17 Wind erodibility (WE) versus (Si+S)/(C+CaCO3) ratio
y = -22.378x3 + 168.72x2 - 324.04x + 250.66
R2 = 0.4637
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4.9 Wind erodibility group (WEG) 
According to the texture classes the soil samples were grouped 
into wind erodibility groups (WEGs). The mean percentage of 
soil particles >0.84mm (NEP) were calculated for each WEG 
and compared with those estimated for the (WEGs) obtained for 
North Dakota (Chepil, 1962a; Chepil et al, 1962b; Hayes, 1965) 
and Alberta (Black and Chanasyk, 1989). The data are presented 
in Table 4.7 
 
Statistical analysis showed a highly significant correlation 
between the NEP for the Northern State soil samples and those 
obtained from North Dakota (R=0.643) and that of Alberta 
(0.530). 
 
4.10. Multiple regression analysis  
Multiple regression analysis between NEP and four soil 
properties, namely (clay, sand, silt and CaCO3) was gave the 
following highly significant (p<0.001, R=0.718) empirical 
relationship: 
 
NEP% = 372.9-2.41 clay% -3.7 sand% - 4.0 silt% + 2.98 CaCO3 
 
According to this empirical relationship, these soil properties 
account for approximately 52% of the variability of NEP. 
 
Multiple regression analysis gave the following highly 
significant (p<0.001, R=0.682) correlation between (WE) and 
the same soil properties as: 
 
WE(ton/ha)= -1127.8 + 9.03 clay% +14.72 sand% +15.27 silt% -15.42 CaCO3 
 
According to this empirical relationship, these soil properties 
account for approximately 47% of the variability of WE. The 
two multiple regression empirical relationships are useful in 
predicting the overall NEP or WE percent of the soils of the 
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Northern State from the knowledge of the four durable soil 
properties.  
 
 
 
 
 
Table 4.7. The mean percentage of measured non-erodible particles 
(NEP) for various wind erodibility groups (WEGs) compared with 
equivalent values obtained from the WEG of North Dakota and 
Alberta.  
NEP WEG No. of samples Measured
N. Dakota Alberta 
Sandy loam 38 36.4 25 43.7 
Sandy clay loam 9 54.0 40 56.2 
Loam 2 50.7 45 59.8 
Clay loam 1 72.2 45 57.9 
Total 50    
Correlation 
coefficient 
  0.643 0.530 
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Chapter Five 
General Disscussion and 
conclusions 
 
 
Wind erodibility (WE) is the indicator for the potential soil loss expressed in 
ton/ha/annum from a wide, unsheltered, isolated field with a bare smooth non - 
crusted surface. The actual soil loss under different conditions is predicted by a soil 
loss equation that takes into account these conditions (Woodruff and Siddoway, 
1965). Wind erodibility is determined from knowledge of the percentage of particles 
greater than 0.84 mm in diameter. These particles are assumed non-erodible (NEP)  
because they are not entrained by common erosive winds (Chepil, 1950, 1955). 
Intensive field and laboratory studies in USA resulted in the development of a table 
that gives WE as a function of NEP. 
 
The results of the fifty field samples showed that NEP significantly increased with 
increase in clay, silt, CaCO3 and OM contents and significantly decreased with 
increase in sand content. These variables in sequence accounted for 40, 32, 28, 14, 
and 41 % of the variability of NEP. Clay platelets act as cementing agent sand thereby 
promote soil aggregation (Emerson, 1959). The positive correlation between NEP and 
clay content consistently agrees with all previous findings (e.g., Mustafa and Medani, 
2003; Medani and Mustafa, 2003; Mohamed, 2004; Rehan, 2004). The positive 
correlation with silt is anomalous because the primary silt particles are essentially 
small quartz particles, which are inert. Morgan (1995) stated that these particles are 
the least resistant to wind erosion and concluded that soils with high silt content are 
the most erodible. Richter and Negendank (1977) showed that soils with 40 % to 60 
% silt are the most erodible soils. The reported positive correlation between NEP and 
silt content also agrees with previous findings (Chepil, 1950; Mohamed, 2004). 
Nonetheless, it is not theoretically explainable and can only be attributed to the 
significant correlation between clay and silt content (r = 0.718). Sand particles are 
inert quartz particles that limit soil aggregation and their presence reduces NEP. The 
negative correlation between NEP and sand content consistently agrees with all 
previous findings (e.g., Mustafa and Medani, 2003; Medani and Mustafa, 2003; 
Mohammed, 2004; Rehan, 2004). In spite of its low solubility, CaCO3 promoted 
flocculation, which is an initial step of aggregation, and hence it increased NEP. 
However, its accountability is relatively low. Derivatives of OM such as 
polysaccharides act as cementing agents and when produced by microbial 
decomposition, they promote aggregation. However, it seems that the relatively low 
content of organic matter and the prevalent dry conditions of the State limited its 
effectiveness. This may explain its relatively low accountability for the variation of 
NEP.  
 
An attempt was made to use the ratios of aggregation agents (C, C+CaCO3 or C+OM) 
to non-aggregating agents (Si+S) or their inverse as compound indicators of NEP or 
WE. The results showed that NEP significantly increased with increase of C/(Si+S) 
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and decreased with increase of (Si+S)/C, (Si+S)/(C+CaCO3) and (Si+S)/(C+OM). 
These compound indicators in sequence accounted for 41, 44, 50 and 42% of the 
variability of NEP. The accountability of C/(Si+S) was nearly similar to S. whereas 
the accountability of (Si+S)/(C+CaCO3) were higher than that of sand.  
 
The last ratio gave the best accountability of NEP and it is the best indicator. This 
finding agrees with previous findings (e.g., Medani and Mustafa 2003; Mohamed, 
2004; Rehan, 2004). Nonetheless, the accountability of this ratio for NEP is low. In 
general, the low accountability of the indicator for NEP may be attributed to the 
counter effects of the multiple factors and to possible variation in land preparation of 
the various fields. The experiment does not separate the counteracting soil properties. 
Multiple regression analysis of NEP as dependent variable and C, S, Si and CaCO3 as 
independent variables improved the accountability 52% of the multiple variables for 
NEP variations.  
 
As NEP increases WE decreases. Thus, the trend lines for the relationships between 
single or compound soil indicators and WE were the reverse of the relationships 
between NEP and these indicators. The accountability for the variation of WE was 
slightly higher for Si and CaCO3 and was slightly lower for the remaining single or 
compound indicators. The results may be explained on the basis of the fact that 
factors that promote aggregation reduce WE.  
 
 
For quick mapping of wind erosion, soils were grouped according to their texture and 
their mean NEP into wind erodibility groups (WEGs). Soil textures having similar 
NEP values were placed into one WEG (Chepil, 1962a; Chepil et al. 1963; Hayes, 
1965; Black and Chanasyk, 1989). WEGs of the Northern State were comparable with 
those obtained in other countries. However, the correlation coefficients were low, 
because the fifty- field soil sample rendered only four WEGs to be compared with 
those of other countries.  
 
Conclusions and 
Recommendations  
• Since NEP gave higher correlation coefficients with soil indicators that WE, it 
is recommended to predict NEP from knowledge of single or compound soil 
indicators depending on availability of data. Then NEP is used to obtain WE 
from the standard table.  
• Clay or sand percent may be used for predicting NEP of the surface soil 
samples in the Northern State using the following equations :  
 
NEP (%) = 1.29 Clay (%) + 4.41           (r= 0.634, n= 50)  
NEP (%) = -0.88 Sand (%) + 88.0         (r= -0.640, n= 50) 
 
• Among the compound indicators, (Si+S)/(C+CaCO3) gave the highest 
correlation coefficient, and thus it is preferred for predicting NEP using the 
following relationship:  
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NEP (%)= 3.18X3+-21.87X2+31.33X+47.70     (r=-0.708, n=50) 
 
Where X= (Si+S)/(C+CaCO3)  
 
• The following multiple regression analysis equation may also be used for 
predicting NEP:  
 
NEP (%) = 372.9 – 2.41 Clay (%) – 3.7 Sand (%) -4.0 Silt (%) + 2.98 CaCO3         (r 
= 0.718, n=50) 
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No. of 
site 
Site (area ) No. of 
site 
Site area 
1 Ertidi 33 Nafab -2 
2 El daraja Eltalta 34 El Arkii-1 
3 El daim 35 El Arkii-2 
4 Daim al ababda 36 El gareef-1 
5 Kubtot 37 El gareef-2 
6 Maragha 38 Norii 
7 Kerma -1 39 Seewagat-1 
8 Kerma -2 40 Seewagat-2 
9 Bergeig 41 Casingar-1 
10 Elgoled 42 Casinjar -2 
11 Dambo 43 Abufatima  
12 Seleim-1 44 Tagar 
13 Seleim-2 45 Maria 
14 Elghaba 46 Kharintoodwadii-1 
15 Eldebba-1 47 Kharintoodwadii-2 
16 Eldebba-2 48 Abrii 
17 Debbat elfugara 49 Salhab-1 
18 Debbat elfugara 50 Salhab-2 
19 Girra barra   
20 Karmakol   
21 Kerut   
22 Wad gabiya   
23 Kakur   
24 Marawi-1   
25 Marawi-2   
26 Karima -1   
27 Karima -2   
28 Goorare   
29 Mora-1   
30 Mora-2   
31 Recapya    
32 Nafab -1   
 
Locations of Soil Samples 
Map : Soil Sampling Location in the Northern State 
The study area 
 73
 
